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Abstract

Post hoc analyses of the Digitalis Investigation Group (DIG) trial indicate that digoxin at low (0.5-
0.9 ng/ml) serum digoxin concentration (SDC) reduces mortality, which is eliminated at higher (>1
ng/ml) SDC, and that low-dose (< 0.125 mg/day) digoxin predicts low SDC. In the DIG trial,
ambulatory chronic systolic and diastolic heart failure (HF) patients (n=7788) in normal sinus rhythm
receiving angiotensin converting enzyme inhibitors and diuretics were randomized to receive placebo
(n=3899) or digoxin (n=3889). The median dose of digoxin (0.25 mg/day) and the target SDC (0.8-
2.5 ng/ml) were higher than what are currently recommended, which may explain in part the lack of
long-term mortality benefit of digoxin in the DIG trial. To test this hypothesis, we examined the
effect of digoxin on short-term outcomes. One-year all-cause mortality occurred in 392 and 448
patients respectively in the digoxin and placebo groups (hazard ratio for digoxin, 0.87, 95%
confidence interval {Cl}, 0.76— 0.995; P=0.043). Respective hazard ratios (95% CI) for
cardiovascular and HF deaths were 0.87 (0.76-1.01; P=0.072) and 0.66 (0.52-0.85; P=0.001). All-
cause hospitalization occurred in 1411 and 1529 digoxin and placebo patients respectively (hazard
ratio, 0.89, 95% ClI, 0.83-0.96; P =0.002). Respective hazard ratios (95% CI) for cardiovascular and
HF hospitalizations were 0.82 (0.75-0.89; P<0.0001) and 0.59 (0.52-0.66; P<0.0001). In conclusion,
digoxin reduced one-year mortality and hospitalization in chronic HF patients receiving angiotensin
converting enzyme inhibitors and diuretics. Randomized clinical trials are needed to determine the
effect of digoxin in contemporary chronic heart failure patients.
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Methods

In the Digitalis Investigation Group (DIG) trial, digoxin reduced hospitalization due to
worsening heart failure (HF), but had no long-term effect on mortality.1 However, data from
post hoc analyses of the DIG trial suggest that digoxin reduces mortality at low (0.5-0.9 ng/
ml) serum digoxin concentrations (SDC),2~7 but had not effect at higher (>1 ng/ml) SDC.5:
6 A close examination of the Kaplan-Meier survival plots in the DIG trial reveals an early
mortality reduction in the digoxin group, followed by later virtual overlap of the plots,
suggesting that while the early survival benefit was eliminated in later years, there was no
increase in mortality. This lack of a long-term effect of digoxin on mortality may be due to use
of open-labeled digoxin in the placebo group,8 and a cumulative effect of the use of high-dose
digoxin. In the DIG trial, a SDC of 0.8-2.5 ng/ml was considered therapeutic and was used as
a basis for dose adjustment.9 Accordingly, over 80% of the DIG participants were receiving
>0.25 mg of digoxin or matching placebo, which was higher than the currently recommended
daily dosage of digoxin.*6:7:10,11 The continued use of high-dose digoxin in patients who grew
older with deteriorating kidney function may have resulted in higher SDC during later years
of the trial. The objective of this study was to examine the effect of digoxin on mortality and
hospitalization during the first year of the follow up after randomization.

The design of the DIG trial has been previously described.1:12 Briefly, the DIG was a
multicenter randomized placebo-controlled trial of digoxin in HF. Patients were recruited from
the US (186 centers) and Canada (116 centers) during 1991-1993.9 Patients were randomized
to0 0.125, 0.25, 0.375, or 0.50 mg of digoxin or matching placebo.1:9 The dose recommended
was aimed at achieving a SDC of 0.8-2.5 ng/ml.9 The median daily dose of digoxin in the DIG
trial was 0.25 mg. DIG participants (N=7788) were ambulatory patients with chronic stable
HF in normal sinus rhythm. Patients with left ventricular ejection fraction <45% (n=6800) and
>45% (n=988) were respectively enrolled into the main and ancillary DIG trials. Most patients
were receiving diuretics (>80%) and angiotensin converting enzyme (ACE) inhibitors (>90%).
All 7788 patients were included in the current analysis.

Our primary outcome of interest was all-cause mortality during the first year after
randomization. Because HF secondary to valvular heart disease (VHD) is quite different from
HF secondary to a poorly functioning left ventricle, we repeated our analysis after excluding
171 patients with VHD. Secondary outcomes included one-year cause-specific mortalities and
hospitalizations. Data on vital status were 98.9% complete.13 The cause of death or the primary
diagnosis leading to hospitalization was classified by DIG investigators who were blinded to
the patient’s study-drug assignment. Kaplan—Meier analysis and log-rank statistic were used
to construct and compare one-year mortality and hospitalization plots for patients receiving
digoxin and placebo. Cox proportional-hazards models were used to compare the effects of
digoxin versus placebo on various outcomes. Because, we had no data on renal function during
follow up, to determine to what extent renal function may have declined during follow up
(median, 38 months), we compared the median serum creatinine levels in patients 65 years and
68 years at baseline. All analyses were performed on an intention-to-treat basis with two-sided
P values <0.05 considered significant using SPSS-15 for Windows.14
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Patients had a median age of 65 years, 25% were women, 14% were non-white, and 13% had
gjection fraction >45%. There were no significant differences in baseline characteristics
between the 3899 patients randomly assigned to placebo and 3889 patients assigned to placebo
(Table 1). At baseline, median serum creatinine levels for patients 65 years (n=322) and 68
year (n=313) of age were, respectively, 1.2 milligram per deciliter and 1.8 milligram per
deciliter (p=0.014).

All-cause mortality occurred in 448 patients in the placebo group and 392 patients in the digoxin
group during the first year of follow up (HR, when digoxin is compared with placebo, 0.87;
95% confidence interval {CI}, 0.76-0.99; p=0.043; Figure 1a and Table 2). When we repeated
our analyses after excluding after excluding 171 patients VHD, we found a similar association
between digoxin and all-cause mortality (HR, 0.88; 95% Cl, 0.76-1.005; p=0.060). One-year
cardiovascular mortality occurred in 368 patients in the placebo group and 323 patients in the
digoxin group (HR, 0.87; 95% CI, 0.75-1.01; P=0.072; Figure 1b and Table 2). One-year
mortality due to progressive HF occurred in 158 patients in the placebo group and 105 patients
in the digoxin group (HR, 0.66; 95% CI, 0.52-0.85; P=0.001; Figure 1c and Table 2). Effects
of digoxin on other cause-specific mortalities are displayed in Table 2. The effect of digoxin
on one-year all-cause mortality was similar in a wide spectrum of chronic HF patients (Figure
2).

All-cause hospitalization occurred in 1529 patients in the placebo group and 1411 patients in
the digoxin group during the first year of follow up (HR, 0.89; 95% CI, 0.83-0.96; p=0.002;
Table 3). One-year cardiovascular hospitalization occurred in 1191 patients in the placebo
group and 1016 patients in the digoxin group (HR, 0.82; 95% CI, 0.75-0.89; P<0.0001; Table
3). One-year hospitalization due to worsening HF occurred in 739 patients in the placebo group
and 457 patients in the digoxin group (HR, 0.59; 95% ClI, 0.52-0.66; P<0.0001; Table 3).
Effects of digoxin on other cause-specific hospitalizations are displayed in Table 3.

At the end of first 12 months of follow up, 85% of the patients were taking the study drug and
84% of patients were taking >80% of the study drug prescribed: more patients in digoxin group
were taking the study drug (86% versus 84% placebo patients; Chi square P=0.005) and were
taking >80% of the prescribed dosage (85% versus 82% placebo patients; Chi square P=0.001)
at the end of 12 months of follow up. Study drug was discontinued in 1010 patients during the
first 12 months after randomization, of which 41% were due to use of open-label digoxin to
treat worsening HF (30%) and atrial fibrillation (11%); discontinuation of the study drug for
open label digoxin use occurred in 31% of patients in the digoxin group and 49% of the patients
in the placebo group (Chi square test P <0.0001). The median daily doses of the study drug
both at randomization and at 12 months were 0.25 milligram. At baseline, 18%, 70%, 11% and
1% patients were respectively receiving <0.125 milligram, 0.250 milligram, 0.375 milligram
and 0.50 milligram per day of the study drug. Twelve months after randomization, 21%, 68%,
10% and 1% patients were respectively receiving <0.125 milligram, 0.25 milligram, 0.375
milligram and >0.50 milligram per day of the study drug.

Overall, 110 (1.4%) patients were hospitalized for suspected or confirmed digoxin toxicity
during the first 12 months after randomization. Hospitalization due to digoxin toxicity occurred
in 13 patients in the placebo group and 44 patients in the digoxin group during the first year
of follow up (HR, 3.38; 95% ClI, 1.82-6.28; P <0.0001; Table 3). Hospitalization due to
atrioventricular block or bradyarrhythmia toxicity occurred in 2 patients in the placebo group
and 11 patients in the digoxin group during the first year of follow up (HR, 5.47; 95% ClI, 1.21~
24.69; P=0.027; Table 3).
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Discussion

The key findings of the current post hoc analysis of the DIG trial are that digoxin reduced
deaths and hospitalizations due to all causes, cardiovascular causes, and HF during the first
year after randomization in a wide spectrum of ambulatory chronic systolic and diastolic HF
patients receiving ACE inhibitors and diuretics. These benefits of digoxin were observed
despite the use of relatively high doses of digoxin that are now considered high and regardless
of SDC. There is evidence that digoxin may be underused in HF patients,1>~17 and the findings
form the current analysis may help rehabilitate digoxin in HF care.18

Digoxin, long known for its positive inotropic effects,1%:20 is now also known to suppress
sympathetic and renin-angiotensin-aldosterone systems.21726 It has been suggested that the
neurohormonal properties of digitalis are more pronounced at low SDC.27:28 This is consistent
with the findings from post hoc analyses of the DIG trial that suggested that digoxin may reduce
mortality at low (<1 ng/ml) SDC.#~7 Data from these studies also suggest that low-dose digoxin
is one the strongest predictors of low SDC.477 However, in the current analysis patients were
receiving digoxin in higher doses and the analysis was not restricted to patients with low SDC.
So, how can one explain an early mortality reduction from a drug that showed no long-term
mortality reduction?

In the DIG trial, patients were receiving the same daily dose of 0.25 mg of digoxin both at the
time of randomization and at the end of one year of follow up. A daily dose of 0.25 mg of
digoxin may have been proper at baseline when patients were relatively younger (median age,
65 years). However, continued use of digoxin at the same dose in patients with increasing age
and declining renal function may have resulted in higher SDC. This is important as both age
and renal function are important predictors of SDC.6'7:10 During the median follow up of over
three years, with the increase in the median age of patients from 65 to 68 years, the mean serum
creatinine levels increased from 1.2 mg/dL to 1.8 mg/dL (a 50% increase).

Dose of digoxin is a strong predictor of SDC and is particularly stronger in older that younger
HF patients.6:7:10 Thus, the dose of digoxin that was normal at the trial onset may have been
high during later years of follow up, leading to higher SDC. Results of post hoc analysis of
DIG trial suggest that digoxin at higher SDC (>1 ng/ml) had no effect on mortality.%6 In the
DIG trial, the digoxin-associated early mortality reduction was eliminated in later years, but
there was no increase in mortality 1, suggesting that an early low SDC may have turned high
in later years. The lack of a long-term mortality benefit of digoxin may also be due to an
increased cross-over of during later years of follow up. At 12 months, 86% of digoxin patients
were receiving digoxin and 83% placebo patients were receiving placebo. At the study end,
71% of surviving digoxin patients were receiving digoxin and another 10% were receiving
open-labeled digoxin; on the other hand, 68% of surviving placebo patients were receiving
placebo but 16% were receiving open-labeled digoxin.1

Because the median age of real-life HF patients is generally more than a decade older than
those in the DIG trial, 16 a daily dose of 0.125 mg of digoxin may be a more appropriate starting
dose for most HF patients. There is no need for routine SDC monitoring if digoxin is used in
lower dosages. The dose of digoxin may be increased to 0.25 mg/day for patients who remain
symptomatic at lower doses. However, for patients who are elderly, women and have renal
insufficiency, any increase in dose should be guided by SDC and tailored to achieve a SDC
(0.5-0.9 ng/ml) associated with mortality reduction. Since the DIG trial, beta-blockers and
aldosterone antagonists have been added to the list of drugs that can favorably alter the natural
history end points in chronic systolic HF and the role of digoxin in these patients remain
uncertain. Data from post hoc and subgroup analyses suggest safety and efficacy of digoxin in
patients receiving beta-blockers and aldosterone antagonists.2%:30 However, digoxin and beta-
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blockers may have complex interactions. The inotropic effect of digoxin may improve the
tolerability for beta-blockers, while beta blockers may reduce the risk of digoxin-induced
serious arrhythmias in sensitive pro-arrhythmic patients. However, digoxin may also
potentially increase some of the adverse effects of beta-blockers such as atrioventricular blocks.
Therefore, the effect of digoxin in contemporary HF patients receiving beta-blockers needs to
be tested in a well-designed randomized clinical trial that would recruit equal number of men
and women with systolic and diastolic HF.

Digoxin is one of the most inexpensive HF drugs. For HF patients in developing nations who
cannot afford ACE inhibitors, angiotensin receptor blockers or beta-blockers, digoxin may be
useful in reducing mortality and morbidity. In the developed nations, HF patients receiving
ACE inhibitors who cannot afford or tolerate beta-blockers should be treated with low-dose
digoxin. Over 90% of all patients in the DIG trial were receiving ACE inhibitors.

The results of this post hoc analysis of DIG trial should be interpreted with caution. The DIG
protocol pre-specified post hoc analyses of two-year outcomes. However, based on the Kaplan-
Meier plots, the higher target SDC and the higher doses of digoxin used in the DIG trial, we
restricted our analysis to one-year outcomes. Patients in the DIG trial were younger than real-
life HF patients and were predominantly male and whites, and were in normal sinus rhythm,
thus limiting generalizability to other patients. In conclusion, digoxin reduced one-year
mortality and hospitalization in ambulatory patients with chronic mild to moderate systolic
and diastolic HF and normal sinus rhythm, receiving ACE inhibitors and diuretics. Randomized
clinical trials are needed to determine the effect of digoxin in contemporary chronic HF
patients.
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No (n=1712):5.5v 5 , 0.89 (0.59-1.35): P=0.587
Diabetes :
Yes (n =2218):12.6 v 12.9 gg g;:é gg% g:g&sg P < 0.100

Chronic kidney disease

e et 1,02
No (n =5570): 11.1 v 9.0 —— 0.80

Yes (n=3527):14.5v 12.9 0.88 (0.74-1.05): P=0.159 5 _ 4 5¢4
No (n =4261):89v 7.7 v 0.86 (0.70—1.06): P=0.163 :
Percent dead: T I I I T I HR (95% CI); P for
Placebo v digoxin 04 06 08 10 12 14 P value interaction

Hazard ratio (95% Cl)

(ACE=angiotensin-converting enzyme; Cl =confidence interval;
NYHA=New York Heart Association)

Figure 2.
Effects of digoxin on one-year mortality in subgroups of patients (CI =confidence interval)
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Table 1

Baseline patient characteristics by treatment group

Variables

Placebo (N=3899)

Digoxin (N=3889)

Age (years), mean (+SD)
Ejection fraction (%), mean (+SD)
Serum creatinine (mg/dL), mean (+SD)
Estimated glomerular filtration rate (ml/min/1.73 sq. meter), mean (+SD)
Median duration of heart failure (months)
Age > 65 years
Women
Non-whites
Estimated glomerular filtration rate <60 ml/min/1.73 sq. meter
Ejection fraction > 0.45
Cardiothoracic ratio >0.55
New York Heart Association functional class
|
1l
11
v

Number of signs or symptoms of heart failurel
<4
>4
Medical history
Previous myocardial infarction
Current angina pectoris
Diabetes mellitus
Hypertension
Previous digoxin use
Primary cause of heart failure
Ischemic
Non-ischemic
Hypertensive
Idiopathic
Otherst
Concomitant medications
Non-potassium-sparing diuretics
Potassium-sparing diuretics
Angiotensin-converting enzyme inhibitors
Nitrates
Other vasodilators®
Daily dose of study medication (mg)
0.125

64.0 (+10.8)
31.9 (+12.6)
1.28 (+0.37)
63.4 (£24.5)
17
52.1%
24.7%
14.6 %
457 %
12.7%
334 %

14.0 %
54.8 %
29.3%
1.9%

19.0%
81.0 %

63.2 %
26.8%
28.8%
47.2%
43.6 %

68.7 %
31.3%
10.6 %
13.7%
7.0%

78.3%
8.2%
93.7%

42.9%
1.5%

18.4%

63.9 (+11.0)
32.0 (+12.5)
1.28 (+0.37)
63.6 (+20.1)
17
51.5%
247 %
143%
449%
12.7%
336 %

144 %
49.6 %
29.4%
21%

19.0%
80.5%

62.8 %
27.5%
28.2%
47.1%
42.8 %

69.0 %
31.0%
10.0 %
14.8 %
6.2%

77.8%
7.1%

93.1%

41.9%
1.0%

18.5%
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Variables Placebo (N=3899)  Digoxin (N=3889)
0.250 69.8 % 70.1 %
0.375 10.8 % 10.3 %
0.500 1.0% 1.0%

TThe clinical signs or symptoms studied included réles, elevated jugular venous pressure, peripheral edema, dyspnea at rest or on exertion, orthopnea,
limitation of activity, S3 gallop, and radiologic evidence of pulmonary congestion.

iThis category included valvular and alcohol-related causes of heart failure.

§These drugs included clonidine hydrochloride, doxazosin mesylate, flosequinan, labetalol hydrochloride, minoxidil, prazosin hydrochloride, and
terazosin hydrochloride
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